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(54) Functiorially graded alloy, use thereof and method for producing the same 



(57) The lunctionaliy graded alloy having a compo- 
sition comprising 3-10 weiGjht % of Al. 5-20 weight % of 
Mn.' the-baiance-belng-stibst an tl a l ly Cu and Inevitable 
impuriiies has a first portion composed essentially o1 a 
p-phase. a second portion composed essentially of an 
a-pliase and a Heusler phase, and a third portion having 
a ciystal structure changing continuously or stepwise 



irom the first portion to the second portion. The lurtction- 
ally graded alloy can be produced by forming a copper- 
based alloy havingihe-above«mposil k )n , k e epin g it at 
SOO^C or higher and rapidly cooling It, and then subject- 
ing it to an aging treatment by a gradient temperature 
heater Such lunctionaliy graded alloy can suitably be 
used for guide wires and catheters. 
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Dmcription 

BACKGROUND OF THE INVEhmON 

[0001] The present invention relates to a copper-based, lurtctior^alty graded alloy having uniform connposition arKl 
diameter and continuously or stepwise changing properties such as hardness, modulus elongation, etc. and a melhod 
lor producing such an alloy, and use of such an alloy in guide wires, catheters, etc. 

[0002] Functionally graded allays are malerials having continuously or stepwise changing properties such as hard- 
ness, elasticity, thermal conductivhy. electric conductivity, etc. without gradient In size given by mechanical working 
such as cutting, etc. or chemical treatments such as etching, etc. Functionally graded materials developed so far are 
mostly such two-component composites as SiO/C, ZrO/W, TIC/NI, ZrO/NI, erc„ which have gradually changing mbclng 
ratios. 

[0003] Conventional functionally graded materials havhg gradually changing mixing ratios have been produced by 
mixing different material powders at gradually changing mixing ratios to prepare a plurality of mixed powder sheets 
having gradually changing mixing ratios^ laminating the mixed powder sheets along the gradually changing mixing 
ratios, compacting and sintering them. For example, Japanese Patent Laid-open No. 5-278158 discloses alurKnionally 
graded, binary metal material produced by laminating and sintering W powder and Mo powder at a gradually changing 
mixing ratio. 

[0004] However, the turKiionally graded materials produced by such a method cannot be rolled or drawn, and they 
can be formed to desired shapes only by cutting. Thus, they are not only very expensive but also cannot be formed 
Into complicated shapes. Accordingly, the conventional lunctlonalty graded materials are used mainly in highly ^(pen- 
sive applications, such as spacecraft, nuclear power generators, etc. It is thus highly desired to develop less expensive 
and easy-to-form lunctionaily graded materials. 

[0005] Also, alloys having shape recovery properties and superelasticity are widely used in various applications such 
as guide wires, catheters, etc. To introduce the catheter into the blood vessel and p\ac& it at a desired site in the blood 
vessel, a guide wire for guidhg the catheter is first introduced Into the desired site in the blood vessel, and the catheter 
is guided to the desired site in the blood vessel along the guide wire. Because human blood vessels are winding and 
branching differently depending on individuals, guide wires taving high introduction operablllty and torque conveyance 
are required to insert the guide wires without damaging the blood vessel walls. 

[OOOq . For this purpose, the guide, wire is composed of a core wire comprising a tip erKf portion which is.made soft 
by reducing its dian^ter, and a body portion which is relatively rigid, and a coating layer formed on the core wire, the 
coating layer being made of synthetic resins which do not cause any damage to the human body, such as polyamides, 
thenmoplaslic polyurethanes, fluoroplastlcs, etc. 

[0007] The guide wireris usually constituted by a coil-shaped^metal wlrarmad e of s t ain l ess s teal , ca r bon sle el, etc. 
However, wires of such nriaterlals are easily benl, superelastic metals such as NI-TI alloys, etc. are used for the core 
wires of the guide wires (Japanese Patent Publication No. 2-24549): 

[0008] However, because supereiastb Ni-Ti alloys lack rigxJity, though they are sufficiently soft Therefore, they are 
rxjt well inserted into the blood vessel, sometimes making it dilflcult to place them at a desired place in the blood vessel. 
[OOOd] Also, because Ni-Ti alloys are relatively poor In cold working, they are not easily formed into thin wires suitable 
lor gukle wires, etc. With respect lo the gradient of properties by heat treatment, It is dilfk^ult to provMe the guide wire 
with such a gradient as to control the torque conveyance of the gukie wire. 

[0010] The same is true of catheters made of Ni-Ti alloys. The Ni-Ti alby catheters are not well inserted into the 
blood vessel. Also, Ni-71 alfoys are not easily formed imo thin wires or pipes. Further, the NI-TI altays are poor in 
wekdabiitty and adhesion, posing problems when combined with otiier materials. 

OBJECT AND SUMMARY OF THE INVENTION 

[0011] An object of the present invention is to provide an inexpensive functionally graded alby having excellent 
workability and a method for producing such a functionally graded alloy. 

[0012] Another object of the present Invention is to provide a core wire lor a guide wire comprising a soft tip end 
portk)n and a properly elastic and rigid body portksn, excellent in insertkMi operability, torque conveyance, and worka- 
bility, and a guide wire comprising such a core wire. 

[001 3] A further object of the present inventk»n is to provide a catheter comprising a soft tip end porik>n and a properly 
elastic and rigid body portion, excellent In Insertk^n operability, torque conveyance, and workability. 
[001 4] As a result of research on the prevtously proposed shape mennory Cu-AI4y/ln aUoy having a p-phase structure 
(Japanese Patent l.aid-Open No. 7-62472), the inventors have found that when the shape memory Cu-AI-Mn alby 
having a ^-phase structure is partially heated at particular temperatures or at gradually changing temperatures, the 
shape memory Cu-Al-Mn alloy is provided with a partially different crystal structure, which shows remarkably gradient 
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properties. The invenlors have also found that by giving gradually changing properties to the Cu-AI-Mn alloy by a heat 
treatment at a proper tennperature gradient, the guide wire arKi the catheter can be produced Irom such Cu-AI-Mn alloy 
wHh extremely improved insertion oparability and torque conveyance. The present invention has been completed based 
upon these findings. 

5 [001 5] The functionally graded alloy of the present invention has a composition comprising 3-1 0 weight % of Al, 5-20 
weight % of Mn, the balance being substantially Cu and inevitable impurities, and comprises a firsi portion composed 
essentially of a p-phase, a second portion composed essentially of an a-phase and a Heusler phase. arKi a third portion 
having a crystal structure continuously or stepwise changing from the first portion to the second portion. 
[001 6] The method for producing the functionally graded alloy according to the present invention comprises the steps 

10 of: 

(a) forming a copper-based alloy having a composition comprising 3-10 weight % of Al, 5-20 weight % of Mn, the 
balance being substantially Cu and inevitable impurities, into a desired shape; 

(b) keeping the copper-based alloy at 500**C or higher and rapidly cooling it to transform a crystal structure thereol 
15 substantially to a p-phase; and 

(c) subjecting the copper-based alloy to an aging treatnr^nt by a heater having a temperature gradient, thereby 
heating the first portion to lowerthan 250°C, the sacorxd portion to 250-350*0, arKl the third portion at a temperature 
continuously or stepwise changing from the heating temperature of the first portion to the heating temperature of 
the second ponion. 

20 

[001 7] The core wl re for a gu ide v/ire according to the present hveniion comprises a txxJy portion having high rigidity 
and a tip end portion having a lower rigidity than that of the body portion, at least part of the core wire being made of 
a copper-based alloy comprising 3-10 weight % of Al, and 5-20 weight % of Mn, the balance being substantially Cu 
and inevitable impurities. 

2S [0018] The guide wire according to the present inverrtion comprises a core wire comprising a body portion having 
high rigidity and a tip erKi portion having a lower rigidity than thai of the body portion, at least part of the core wire being 
made of acopper-based alloy comprising 3-10weight%ofAI,arKd 5-20 weight%of Mn, the balance being substantially 
Cu and Inevitable impurities. 

[001 9] The catheter according to one embodiment of the present invention is at least partially constituted by a metal 
30 pipe, the metal pipe being, at Jeast in a tip end portion, made of a copper-based alloy comprising 3.--10_welght % of Al,. . 
and 5-20 weight % of Mn, the balance being sut>stantially Cu and inevitable impurities. 

[0020] The catheter according to another emkx>diment ol the present invention contains a reoif orcing metal member 
In at least part of a catheter tube, the reinforcing metal member being made of a copper43ased alloy comprising 3-10 
weig^ht %-of-At;"and~5-2 0 wei y ht % of M n , the balance b eing 8ut>8tantially Cu~and~inflvrtabla irnpuiities. 

35 

BFUEF DESCRIPTION OF THE DRAWING 
[0021] 

40 Fig. 1 is a schematic view showing an example of gradient temperature heater; 

Fig. 2 is a graph showong the hardness distrbution and the aging temperature distribution of the functionally graded 
alloy wire of Sample No. 3 In Example 1 ; 

Fig. 3 is an optical photomicrograph showing the microstructure of the low-aging temperature portion of the func- 
tionalty graded alloy of Sample No. 1 in Example 1 ; 
45 Fig. 4 Is an optical photomicrograph showing the microstructure of the high- aging temperature portion of the 
functionally graded alloy of Sample No. 1 in Example 1 ; 

Fig. 5 is a graph showing the relation between the aging temperature and the hardness of Sample Nos. 2 and 3 
in Example 2; 

Fig. 6 is a graph show'ng the relation between the aging time and the hardness of Sample Nos. 5 and 6 in Example 3; 
so Fig. 7 is a schematic view showing one ^cample of th e core wire for a guide wire according to the present Irwent Ion; 

Fig. 8 is a schematic view showing another example of the core wire for a guide wire according to the present 

invention; 

Fig. 9 is a scherr^tic view showing one example of the guide wire according to the present invention; 
Fig. 10 is an enlarged crossrsectional view showing another example of the guide wire according to the present 
ss Invention; 

Fig. 11 is a schematic view showing a further example of the guide wire according to the present invention; 
Fig. 12 is an enlarged cross-sectional view showing a further example of the guide wire according to the present 
invention; 
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Fig. 13 is an A-B Cross-sectional view of Fig. 12; 

Fig. 1 4 is a schematic view showing an example of the catheter according to the present invention; 
Fig. 15 Is an enlarged A- A' cross-sectional view of Fig. 14; 

Fig. 16 is a schenrtatic view shovmg arx3ther example of the catheter according to the present invention; 
5 Fig. 17 is an enlarged B-B* cross-sectior^l view of Fig. 16; 

Fig. 18 is an enlarged OC cross-sedional view of Fig. 16; 

Fig. 19 is a schematic view showing a further example of the catheter according to the present invention; 
Fig. 20 is a schematic view showing a further example of the PTCA catheter equipped with a balloon according to 
the presem Invention; 
10 Fig. 21 is an enlarged D-D* cross-secltonal view of Fig. 20; 

Fig. 22 is an enlarged E-E' cross-sectional view of Fig. 20; 

Fig. 23 is a schematic view showing a further example of the catheter according to the present invention; 
Fig. 24 is an enlarged F-F* cross-sectional view of Fig. 23; 

Fig. 25 is a schematic view showrig a further example of the catheter according to the present invention; 
IS Fig. 26 is an enlarged G-G' cross^sectionat view of Fig. 25; 

Fig. 27 is a schematic view showing a further example of the catheter according to the present Invention; 
Fig. 28 is a partial enlarged cross-sectional view of Fig. 27; 

Fig. 29 is a schematic view showing a further example of the catheter according to the present invention; 
Fig. 30 is an enlarged H-H' cross-seciional view of Fig. 29; 
20 Fig. 31 is a schematic view showing a further example of the catheter according to the present invention; and 

Fig. 32 is an enlarged l-r cross-sectional view of Fig. 31 , 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

2S [1] Composition of functionally graded alloy 

[CM>22] The functionally graded alloy of the present invention contains 3-10 weight % oi Al, 5-20 weight % o1 Mn, and 
the balance being substantially Cu and inevitable impurities. Though the functionally graded alloy has a p-phase struc- 
ture [body-cantered cubic (bcc) structure] at a high temperature, a martensitic transformation without diffusion occurs 

30 at a low temperature. Specifically, the pTphase_structure is changed. to a dual-phase structure of an a-phase [facer 

centered cubic (fee) structure] and a Heusler phase [ordered body-centered cubic (fee) structure] by heating at about 
300*a 

[0023] When the Al content is less than 3 weigfit %, the p-phase cannot be formed. On the other hanxi, when it 
^exceeds 10 weight %, the Tesultantali oy becomes Hxt i er rve ly brittle. T h a preferred Al content is'6~-10'weighl %, though 

3S It may be changed depending on the amount of Mn, 

[0024] The inclusion of Mn makes the range of the ^phase shift toward a low Al region, thereby remarkably improving 
the cokJ workability o1 the alk^y which makes it easy to form the alkiy. When the content of Mn is less than 5 weight 
%. sufficient worlrabiilty cannol be obtained, tailing to form the region of the p-phase. On the other harxj, when the 
content of Mn exceeds 20 weight sufficient shape recovery properties cannot be obtained. The preferred content 

40 of Mn Is 8-1 2 weight %. 

[002E] The C u-Al-Mn alloy having the above compositk>n has good hot- and coki-workability, achieving a cokd working 
ratk> of 20 to 90 % or niore. This enables the formatkxi of extremely thin wires, sheets, pipes, etc., whk:h is conven- 
tionally difflcutt. 

[0026] In addition to the atx3ve components, the fmctranally graded alby of the present invention may further contain 
4S at least one metal selected from the group consisting of Ni, Co^ Fe, 71, V, Cr, Si, Nb, Mo, W, Sn, Ag, Mg, P, Zr, Zn, B, 
and misch metals. These elements act to make crystal grains fine while maintaining the cold workability o1 the func- 
tionally graded alloy, thereby improving the strength of the alloy. The total content of these additional elements is 
preferably 0.001-10 weight %, partbularly 0.001-5 weight %. When the tc^al content of these elements exceeds 10 
weight %, the martensitic transformatbn temperature o1 the alkiy lowers, making the p^phase structure unstable. 
so [0027] Ni, Co, Fe and Sn are elements effective for strengthening the matrix structure of the alk^y. The preferred 
content is 0.001 -3 weight % for each of Ni and Fe. Though Co acts to nnake crystal grains fins by the formatkm of Co- 
Al, an excess amount of Co reduces the toughness of the alloy. Thus, the preferred content of Co Is 0.001-2 weight 
%. Also, the preferred content of Sn is 0.001 -1 weight %. 

[0028] Ti is combined with harmful elements such as N and O to form oxynitrides. When H is added together with 
ss B, they form borides v^ich f unctbn to make crystal grains fine, thereby improving the shape recovery ratio of the alloy. 
The preferred content of TI is 0.001-2 weight %. 

IW2B] V, Nb, Mo and Zr act to increase the hardness oi the alloy, thereby improving the wear resistance of the alkiy. 
Because these elenrtents are not sut>stantially dissolved in the matrix, they are deposited as bcc crystals, effective in 
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making the crystal grains fine. The prelerred ccsnteni of each of V, Nb, Mo and Zr is 0.001-1 weight %. 

[0030] Cr l5 an elemerU effective in maintaining the wear resistance and the corrosion resistance of the alloy. The 

preferred content of Cr is 0.001-2 weight %. 

[0031] Si acts to increase the corrosion resistance of the alloy. The preferred content SI is 0.001 -2 weight %. 
5 [0032] W acts to improve the deposition strengthening of the alloy because W is not substantially dissolved in the 
matrix. The preferred content of W is 0.001-1 weight %. 

[0033] Mg acts to remove harmful elements such as N and O and fix harnrrful S as sulfides, theret>y improving the 
hot workability and the toughness of the alloy. However, an excess amount of Mg causes the grain boundary segre- 
gation, thereby making the alloy brinie. The prelerred content of Mg is 0.001-0.5 weight %. 
10 [0034] P acts as a deoxidizer, improving the toughness of the alk)y. The preferred content of P is 0.01-0.5 weight %. 
[0035] Zn acts to k>wer the shape memory treatment tenperature. The preferred content of Zn is 0.001-5 weight %. 
[0036] B, whk:h acts to make crystal grains fine, is preferably used together with Tl and Zr. The preferred content of 
B is 0.01-0.5 weight %. 

[0037] Misch metals act to make crystal grains fine. The preferred content o1 misch metals is 0.001 -2 weight %. 
[2] Production of functtonally graded altoy 

(a) Forming of copper-based alloy 

20 [0038] A melt of the copper-based alloy having the compositkMi mentioned above is cast and formed into a desirable 
shape by hot rolling, cold roiling, pressing, etc. The alloy of the present InvenlkMi has good hot and cold workability, 
achieving a coki working ratio of 20 to 90 % or more. This enables formation of extremely thin wires, sheets, ribbons, * 
pipes, etc. whk^h Is conventkmaRy diffk:utt. 

[(M>39] In the case of the copper-based altoy containing 8-10 weight % of Al, the dual-phase structure having 
25 excellent workability is formed when the average cooling speed after hot working is 200^C/minute or less. The copper- 
based alloy is desirably cooled at the atKvve speed partk^ularly in a range of 800-400*^0. II the cooling speed is faster 
than the above speed, the ^-phase is mainly formed in the alk>y, failing to obtain as high workability as when the a-i-P 
dual-phase Is formed On the other liand. in the case of the copper-based altoy containing 3-6 weight % of At, the 
copper-based alloy nnay be composed only of a P-phase structure after hot working, and the cooling speed after hot 
working Is.notJtmited. 

(b) Solution treatment 

[0040] — Thercoppar-basad alksy istherrsubjectedt o a heat tr eatment (so l utfon traa tr na nt) at 500^C or higher, pTefor=- 

3S ably SOO-QOO^C to transform its crystal structure to the p-phase. After heat treatment, the p-phase Is frozen by rapki 
cooling at a rate of SO^C/secorvd or more. The rapki cooling of the alloy is carried out by immersing in a cooing medium 
such as water or by forced-air cooling. When the cooling speed is lower than SO^C/second, The depositkm of the a- 
phase takes place in the alloy, tailing to nnalntain the alloy in a state having only the p-phase crystal structure and thus 
reducing the property gradient. The preferred cooling speed is 200^C/6econd or mora. 

40 

(c) Aging treatment 

[0041] According to the present invention. Ihe aging treatment of the first portkxi where the p-phase crystal structure 
is nrtaintained is carried out at a temperature of kiwerthan 250^0. The aging treatment of the second portion where 
4S the crystal structure is transformed into the dual-phase structure of the o- phase and the Heusler phase Is carried out 
at 250-350^0. The aging treatment of the third portkm between the first and second portions is carried out at a con- 
tinuous or stepwise temperature gradient (temperature distrlbutkn) from the heating temperature of the first portion to 
that of the second portksn. 

[0042] To meet the atx>ve conditions, the aging treatment is preferably carried out in a gradient temperature heater. 

so Fig. 1 is aschennatk:view showing an example of such a gradient temperature heater. The gradient temperature heater 
1 for the aging treatment of a lunctkxially graded alby rod 7 comprises a fumace pipe 2, a nichrome wire 3 wound 
around the tumace pipe 2, a heat-insulating rrrember 4, a plurality of temperature sensors 51, 52, 53 and a power 
supply / temperature controller 6 connected to the nichrome wire 3 and the temperature sensors 51, 52, 53. In this 
example, the density gradient of the wound nk^hrome wire 3 decides the temperature gradient in the fumace pipe 2. 

55 To turn one end portion71 of Hie alloy rod 7 to a first portion composed essentially of a p-phase, the nichrome wire 3 
is wound sparsely around one end portion 21 of the fumace pipe 2. Also, to tum tfie other end portbn 72 of the alloy 
rod 7 to a second portion composed essentially of an a-phase and a Heusler phase, the wire 3 Is wound der^sely 
around the other end portbn 22 of the fumace pipe 2. Thus, the fumace pipe 2 has a temperature gradient which may 
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be controllad by tho power supply / temperature controller 6. 

[0043] The heating temperature of the tirst portion Is lower than 250^0, preferably 100-200°C. If the heating tem- 
perature of the first portion were too low, the ^phase would be unstable, making it likely for the nnartensitic transfor- 
mation temperature to change when left at room temperature. On the other hand, whm the heating temperature Is 
5 250*C or higher, the a-phase may ba deposited, tailing to Increase the d'tfferer>ce in properties between the first arkd 
second porttons. 

[0044] The healing temperature of the second portton is 250-35(y*C, preferably 280-320*C. When it is tower than 
250^C, the crystal structure of the secorxi portion is not sufficiently transformed into a dua^phase structure of an a- 
phase and a Heusler phase, failing to increase the ditfererK^ in properties between the first and second portions. On 
10 the other hand, when it is higher than 35Cy*C, the crystal structure becomes coarse, deteriorating such properties as 
yiekl stress, hardness, etc. 

[0045] The differer^e in heating temperature between the first and second portions is preferably 50®C or higher, 
particularly SO^'C or higher. When it is tower than 50^C. The difference in properties between the first and second 
portions becomes smaller. 

IS [0046] The aging treatment time in general is preferably 1 -300 minutes, particularly 5-200 minutes, though it may 
vary depending on the composition of the functtonally graded alloy. Less than 1 minute of aging would not provide 
sufficient aging effects. On the other hand, when the aging time is longer than 300 minutes, the altoy structure becomes 

too coarse to keep sufficient mechanical properties as the f urKlior^lly graded material. 

[0047] In ihe case of the core wire tor a gutoe wire, ihe copper-based alloy core wire may be subjected to an agrtg 
£0 treatment in the fo! towing two ways: The first aging treatment is to heat the core wire uniformly at 250^0 or tower, 
preferably 100-200*'C, such that it has shape recovery properties and superelasttolty uniformly. 
[0048] The second aging treatment is to heat the core wire at different temperatures, such that the core wire has 
gradient properties. Namely, the core wire has a high-rigid'ity body ponton, a tow-rigidity tip end portton, and an Inter- 
mediata portion between them having rigidity decreasing from the high-rigidity body portion to the tow-rigidity tp end 
25 portion. The high-rigklily body portion is obtained by an aging treatment at 250-350^0, preferably 28Q-320^C, and the 
tow-rigidily tip end poitton Is obtained by an aging treatment at tower tlwi 250° C, preferably 100-200°C. The interme- 
diate portion between them is obtained by an aging treatment at a temperature continuously or stepwise changing from 
the high-rig'idity body portton to the tow-rigtolty tip ervd portion. The difference in aging temperature between the high- 
rigidity body portion and the low-rig'idity tip end portion is preferably 50^C or higher, particularty BO'^C or higher. 

,30 . . , _ ^ 

[3] Properties of functtonally graded altoy 
(1 ) Crystal structure 



3S [0049] The functtonally graded altoy of the present inventton comprises a first portion conrtposed essentially of a 
phase, a second portion composed essential V of an a-phase and a Heusler phase, and a third portion having a crystal 
structure continuously or stepwise changing from the first portion to the second portton. 

[OOSO] The term 'composed essentially of a ^hase" used herein means not only a ciystal structure consisting only 
of a p-phase, but also a crystal structure conta'ning, in additton to the p-phase, other phases suc^ as an a-phasa, a 

40 Heusler phase, borides such as TIB and ZrB, bcc phases of V, Mo, Nb and W, and intermetailto compourKis such as 
NiAl, CoAI. etc. in such small percentages as rtot to affect the superelaslicrty and shape recovery properties of the first 
portion. The total amount of the a-phase and the Heusler phase is preferably 5 vdunr^e % or less. When it exceeds 5 
volume %, the superelasllclty and shape recovery properties of the first portion are remarkably decreased, thereby 
making the gradient of properties smaller 

45 [0051] Also, the term "composed essentially of a dual-phase of an a-phase and a Heusler phase" used herein means 
not only a crystal structure consisting of only the cx-phase and the Heusler phase, but also a crystal structure containing, 
in additton to the a-phase and the Heusler phase, other phases such as ^phase, borides such as TiB and ZrB, bcc 
phases of V, Mo, Nb and W, and intermetallic compounds such as NiAl, CoAI, etc. in such small percentages as not 
to affect the hardness of the second portion. The amount of the p phase is preferably 10 volume % or less in the Baccmd 

so portion. 

[0053] The term "continuously or stepwise changing crystal structure" used herein means that a volume ratio of the 
p-phase to [the a-phase <<• the Heusler phase] changes continuously or stepwise in the crystal structure. The a-phase 
and the Heusler phase may ba gradually deposited from the ^phase by aging treatment. The higher the aging tem- 
perature, and the longer the aging time, the nnore the a-phase and the Heusler phase are deposhed. Whether the 
ss crystal structure changes continuously or stepwise In the third portion deperxls upon the aging tennperatu re distribution 
and the aging time. When the aging treatment is carried out at a stepwise temperature distribution for a short period 
of time, the resultant crystal structure changes stepwise. The boundaries between the first and third port tons and 
between the second and third portions are not expltoit in the case of the third portion having a continuously changing 
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tsryslal structure. Because the properties change generally sharply in the third portion, however, the boundaries of the 
above three portions can relatively easily be determined from the distribution of properties. 

[0053] The first portion composed essentelly of the p-phase has shape merrwy properties and supereiasticity as 
described In Japanese Patent Laid-open No. 7-62472. In contrast, the second portion is composed of a hard material 
5 resistant to berKling and having completely different properties from those of the first portion. The properties change 
continuously or stepwise In the third portion from those of the first portion lo those of the second portion. Though the 
distance between the first portionandthe second port ion (length of the third portion) nr^ay arbitrarily be set, It is preferably 
about 2 cm or mors, particularly about 5 cm or more. 11 is difficult to provide the aging temperature gradient in a distance 
of less than 2 cm. 

10 

(2) Differences in properties 

[0054] With respect to some properties, differences between the first portion and the secorKl portion will be described 
In detail below. 

15 

(a) Hardness 

[0055] The first portion preferably has a hardness less than 350 Hv. arKi the difference in hardhess between the 
first portion and the second ponion can be made as large as 20 Hv or more, though the hardness of the alloy may vary 
^ within the above range depending on its composition. 

(b) Yield stress 

[0056] Because the first portion composed essentially of a ^-phase has superelasticHy, the yield stress (0.2% offset 
25 yield strength) of the first portion is less than 400 MPa, though it may vary within this range deperxiing upon the 
composition of the alloy. The difference In yield stress between the first portion and the second portion can be made 
as large as 50 MPa or more. 

(c) Shape neccvery ratio 

30 . . . 

[0057] The first portion has excellent shape recovery properties, showing a shape recovery ratio of 80% or more, 
while the shape recovery ratio of the second portion is as low as less than 15%, which means substantially no shape 
recovery properties. The difference in shape recovery ratio between the first and second portions can be made as 
large as-70%nor mora: 

35 

[4] Core wire for guide wire 

[0058] The core wire for a guide wire Is constituted by a f urxnionatty graded copper-based alloy wire having al least 
a low-rigidity tip end portion and a high-rigidity body portion. 

40 

(1) First embodiment 

[0059] In the first embodiment as shown in Fig. 7, the core wire is a straight copper-based alloy wire having a t'p 
end portion that is not tapered. The core wire 2 is composed of lour regions 2a, 2b, 2c and 2d from the tsasa end 3 to 
45 the tip end 4, and each region 2a, 2b, 2c and 2d has rigidity decreasing stepwise from the side of the base end 3 to 
the Bide of the tip end 4. Each region nnay have an arbitrarily set length. 

[0060] Such gradient-rigidity core wire nnay be formed, as described above, by hot working and/^r cold working, 
keeping at 500*^0 or higher and rapidly quenching, and further aging treatment at different temperatures in respective 
regions 2a. 2b, 2c and 2d. The aging temperature in the region 2a is preferably 250-350*0, and the aging tempsratura 
so in the region 2d Is lower than 250*C. The aging temperatures In the regions 2b and 2c are between those for the 
regions 2a and 2d, with the aging temperature in the region 2b hic^er than that for the region 2c. 

(2) SecoTKi amtxxiiment 

ss p061] In tiie second embodiment as shown In Fig. 8, the core wire is a copper-based aUoy wire composed of four 
regions 2a, 2b, 2c and 2d from the base end 3 to the tip end 4, witii a taper from the regkNi 2c to the tip end 4. Rigidity 
decreases in each region 2a, 2b, 2c and 2d from the side of the base end 3 to the side of die tip end 4. Each region 
may have an arbitrarily set length. 
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[0062] Like thd first embodiment, the region 2a is a high-rigidity region, while the region 2d is a low-rigidity region. 
The regions 2b and 2c have intermediate rigidity between that of the regions 2a and 2d, with the rigidity ot the region 
2b higher than that of the region 2c. Because the region 2d has a smaller diameter in the secortd embodrnent than in 
the first emt)Odlment» the softness ol the copper-based alloy in the region 2d may be less in the second emksodlmeni 
s than in the first embodiment. The core wire of the eecond embodiment may be produced in the same manner as in the 
first embodiment. 

(3) Third embodiment 

10 [00631 ^ird embodiment as shown in Fig. 9, the core wire is constituted by a base wire 5 and a core wire 6 

connected to each other. The core wire 6 is a copper-based alloy wire, and the base wire 5 may be a flat ribbon made 
of known materials such as stainless steel. Erxis ol the base wire 5 and the core wire 6 are partially overlapped and 
bonded with a coil, etc. 

[0064] The core wire 6 consists of two regk^ns 6a, 6b from the base end 7a to the tip end 7b. The regkn 6a is a hlgh- 
rigkiity region, white the region 6b is a region having rigkiity continuously decreasing toward the tip end 7b. The core 
wire 6 is soft (less rigki) and superelastk: in the vicinity of the tip end 7b. Each region may have an arbitrarily set length. 
[0065] Like the first emlx>diment, the core wire 6 is provkied with rigidity gradient by different aging treatment tem- 
peratures applied to respective regkms. The aging temperature of the regkm ea is preferably 250-350^0. Also, the 
aging temperature of the region 6b has a temperature disiributkm continuously lowering from the base erKi 7a to the 
20 tip end 7b. The highest temperature of the atx)ve temperature di8tributk>n is preferably the same as in the regk>n 6a, 
and the lowest temperature in the region 6b is preferably knver than 25(rc. 

[5] Catheter 

2S (a) Catheter having copper-based alby pipe 

[0066] The first catheter of the present irrventkMi is at least partially constituted by a copper-based alksy pipe. The 
catheter is relatively rigid In a body portion, and has low rigkiity In a tip erxJ portkxi. The bending rrKidulus of the copper- 
based alloy pipe decreases continuously or stepwise in a directk>n from the base end to the tip end of the catheter, 
..^ and at least a tip end portk)n of the copper^based alloy pipe bas.superelas1k:lty. The followings are specific examples . 
of such catheters. 

(1) First embodiment 



^ [0067] Fig. 1 4 shows the first example of the catheter of the present inventk)n, and Fig. 1 5 is an A-A' cross-secttonai 
view of Fig 1 4. 

[006B] A body ol the catheter 41 is constituted by a copper-based alby pipe 42, whbh has bending modulus de- 
creasing continuously or stepwise from the base end 43 to the tip end portion 44. The copper-t>ased alloy pipe can be 
formed from a thicker pipe by gradually reducing its diameter by rolling or drawing. 
40 [0069] The pipe 42 has a hIgh-rigkJity body portkyi 42a, a k>w-rigklity, superelastic t^ end portion 42c arKi an inter- 
mediate portion 42b t>etween them having intermediate rigkiity. In each regkMi, rigidity may be uniform or gradually 
changing. 

[0070] Such a gradient rigkiity copper-tesed altoy pipe can be formed by a hot working and/br cM working, Keeping 
at SOC^C or higher and rapklly quenching, and then aging treatment at different temperatures in respective regions. 
45 The aging treatnient temperature is preferably 250-350*0 In the body portk>n 42a, and lower than 250*C ki the end 
portbn 42c. The aging treatment temperature in the intermediate porton 42b is between those of the body portksn 42a 
and the X'p end portkin 42c. When gradient is necessary In each region, the aging treatment temperature should grad- 
ually decrease in a direct bn from the base end 43 to the tip end 44 of the catheter in each region. 

so (ii) Second embodiment 

[0071] Fig. 16 shows the second example of the catheter ctf the present invention, Fig. 17 is a B-B' cross-sectional 
view of Fig 1 6, and Fig. 16 is a C-C' cross-sectional view of Fig 16. 

[0072] A t>ody of the catheter 51 is constituted by a copper-t)ased alksy pipe 52, whk:h has bending modulus de- 
ss creasing continuously or stepwise from the base end 53 to the tip end podm 54. The copper-based alloy pipe 52 can 
be formed from a thbker pipe by gradually reducing its diameter by rolling or drawing. The catheter 51 may be the 
same as the catheter 41 except that the tip end portkxi 52c is tapered. 
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(iii) Third embodiment 

[0073] Fig. 1 9 shows the third example of the catheter of the present invention. The catheter 61 is bent at an angle 
or SO-ISO** in a lip end portion 62 so that the catheter 61 can easily enter Into the winding or branched btood vessel. 
s After bending, the copper-based alley pipe is subjected to a solution treatment and an aging treatment. 

(b) Catheter having copper-based alloy reinforcing member 

[0074] Fig. 23 shows the second catheter of the present invemion, and Fig. 24 is an F-P cross-sectional view of Fig. 
10 23. The catheter 101 is constituted by a flexible tut>e body 111, a hub 112 mounted to a t>ase end of the flexible tube 
body 111 , and a soft tip 1 1 3 mounted to a tip end of the flexible tube body 111. The flexible tube body 111 Is preferably 
reinforced by wire- or ribbon-«haped, reinforcing copper-based alloy members 115. 

[0075] In an example shown in Fig. 24, the tube body 111 is constituted by an inner layer 114. an intermediate Cu- 
Al-Mn alloy braid layer 115. and an outer layer 116. Though the intermediate Cu-AI-Mn alloy braid 115 is constituted 
75 by 6 thin Cu-AI-Mn alloy wires in Fig. 24, the number of thin wires is not restrictive. Also, a plurality of straight copper- 
based alloy wires may be disposed along the length of the catheter 101. Also, the copper-based alloy wires may be in 
the form of coil. 

[0076] The copper-based alloy reinforcing member has berKlIng nrtodulus decreasing continuously or stepwise from 
the base end to the tip end. Thus, the body ponton is a high-rigidity region, the tip end portion is a low-rlgidliy, supere- 
go lastic region, and the Intermediate portion is a region having an intermediate rigidity between that of the body portion 
and that of the tip dtkJ portion. In each region, rigidity may be unifomn or gradually changing. 

[0077] Such gradient-rigidity, reinforcing copper-based alloy member can be obtained by an aging treatment at dif- 
ferent temperatures In respective regions in the same manner as above. 

[0078] The catheter containing the reinforcing metal member can be produced by coextrusion of a resin lor the tube 
^ body 111 and a reinforcing metal memt>er, or by immersing an inn er layer 114 coated with the reinforcing metal member 
1 1 5 in a resin solution and solidifying the resin to form an outer layer 118. 

[6] Surface treatment 

-sp . .[0079]. -The copper-based alloy rrvembers such as core wires, guide wires.arxi catheters are preferably coated with 

Au, PI. Ti, Pd or TIN by plating or vapor deposition. Also, they are preferably coaled with polyethylene, polyvinyl chloride, 
polyesters, polypropylene, polyamides, polyurethane, polystyrene, fluoroplastics^ silicone rubbers or their elastomers, 
or composites thereof. These coating materials preferably contain X-ray contrast media such as barium sulfate. Further. 

sorfacBsrof the core wires, the guide wires"andih e catfwtBis a r e p r efaiably uuate d with lubricating matBrials'Such~as' 

as polyvinyl pyrrol idone, ethyl nraleate, methyl vinyl ether-nnaleic anhydride copolymer, etc. 

[0080] The present invention will be described in detail below referring to the following EXAMPLES, without intention 
of restricting the scope of the present invention defined by the claims attached hereto. 

EXAMPLE 1 , COMPARATIVE EXAMPLE 1 

40 

[0081] Copper-based alloys having compositions shown in Table 1 as Sample Nos. 1 -7 (EXAMPLE 1 ) and Sample 
No. 8 (COMPARATIVE EXAMPLE 1 ) were melted, and solidified at a cooling rate of 140"C/minute on average to form 
billets each having a diameter of 20 mm. Each billet was cold-drawn a plurality of times with intermediate annealing 
to produce a wire having a diameter of 0.5 nrvn and a length of 200 mm. Each of the resultant wires was heat-traated 
^ at 900*0 lor 1 5 minutes, rapidly quenched by Immersion in water with ice, arKi then subjected to an aging treatment 
by a heater shown in Fig. 1 lor 15 minutes, to obtain a functionally graded alloy wire. The temperature distribution of 
the heater for the aging treatment is 140'*C In a low-aging temperature region and 300^C In a high-aging terrperature 
region, as shown in Fig. 2. 

so Table 1 



Compositions of Functionally graded alloys 


Sample 




Elements (weight %) 


No. 


Cu 


Al 


Mn 


Others 


1 


Bal. 


B.I 


9.7 




2 


Bat. 


8.7 


10.6 
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Table 1 (continued) 



Composhions of Functionally graded alloys 



Sample 




Elements (weight %) 


No. 


Cu 


Al 


Mn 


Others 


3 


Bal. 


8.7 


10.8 


Tl: 0.1. B: 0.06 


4 


Bal. 


8.4 


10.5 


V: 0.26 


6 


Bal. 


7.6 


9.7 


V: 0.45 


6 


Bal. 


8.0 


9.6 


Nl: 1.0 


7 


Bal. 


8.1 


9.7 


Co: 0.5 


8 


Bal. 


8.0 


9.5 


Co: 2.4 



15 



[0082] Each wire thus aging-treated was measured with respect to properties described below In a low-aging tem- 
perature portion and a high-aging temperature portion to determine property gradient thereof. 



20 



(i) Hardness 

[0083] The harness of each wire was measured both in a low-aging temperature portion and a high-aging temperature 
portion by a micro-Vlckers hardness tester. The measurement results are shown in Table 2. 



2S 



so 



(ii) Shape recovery ratio 

[0084] Each wire was wound around a round rod having a diameter o1 25 mm in liquid nitrogen, and measured with 
respect to a curvature radius Rq after taken out of the liquid nitrogen. The cun/ed wire was then heated to 200*C to 
recover its original shape, and again measured with respect to a curvature radius R^. The shape recovery ratio Rs of 
the wire was calculated by the lomiula: Rs (%) = 100 X (R, - Rq) / R,. The calculaled shape recovery ratios Rs are 
shown in Table 2. 

'(inf Tensile test ' 

[0085] Each wire was subjected to a tensile test according to JIS Z 2241 to measure tensile strength, rupture elon- 
gation and yield strength (0. 2% offset). The results are shown in Table 3. 



35 



Table 2 



40 



45 



Hardness and shape recovery ratio of functionally graded alloys 



Sample fslo. 


Hardness (Hv) 


Shape recovery Ratio (%} 


L* 


H* 




H* 


1 


240 


350 


83 


0 


2 


270 


380 


88 


0 


3 


235 


351 


90 


0 


4 


274 


360 


85 


0 


5 


280 


370 


81 


0 


6 


258 


372 


95 


0 


7 


239 


347 


94 


0 


8 


330 


391 


99 


0 



50 



Nolo* 

* L Low-«ging tMnpacatur* pofibn. 
H: High-aging temparalure portion. 



55 
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Table 3 



Tensile test results o1 functionally graded alloys 


Sample No. 


Tensile Strength (MPa) 


Rupture Elongation (%) 


0.2% Offset Yield Strength (MPa) 


L* 




L* 


H* 


L* 




1 


432 


1129 


15.4 


3.2 


50 


807 


2 


699 


1074 


17.2 


3.3 


310 


774 


3 


639 


728 


16.7 


3.2 


315 


544 


4 


749 


1147 


18.2 


4.6 


240 


745 


5 


272 


947 


13.7 


7.2 


63 


539 


6 


245 


1032 


18.2 


2.7 


212 


783 


7 


529 


694 


17.3 


3.6 


237 


717 


8 


594 


650 


2.4 


0.0 


370 


Broken 



Note: 

* L: Low-a^ng tempera1ur» porfoA. 
H: High-aging tampAralunft portioa. 



[0086] As l3 Clear Irom Tables 2 end 3, the properties are rerrarkab V different between the bw-agtng tenrperature 
portion and the high-aging temperature portion. For example. Sample No. 1 exhb'rts yield stress (0.2% offset yield 
strength), which is as low as 50 MPa in a low-aging tempsrature portion and as high as 16 times or mora in a high- 
aging temperature portion. In Sample No. 8 (Corr^arative Example 1 ) containing an excess anrwunt of Co, the tough- 
ness of the high-aging temperature portion is rennarkably detenoraled by the deposition o1 Co-AI, leading to breakage. 
[0087] The wire ol Sample No. 3 was divided Inio ten equal parts, and a center portion of each part was measured 
wHh respect to hardness. The results are plotted in Fig. 2. As is clear from Fig. 2. the hardness continuously increased 
Irom the low-agfeng temperature portion to the hIgh-agIng temperature portion. Particularly In the vicinity of the aging 
temperature of 250"C, the hardness drastically changed. It was confirmed from the change ot hardness that a region 
extending up to BbouX 7 cm from the low-aging temperature end had a crystal structure substantially composed ol ^ 
phase, and that-a-reglon exlerKHng-up-tO: about 7 cm from the hlgh-aglng temperature end had a duahphase-crystal 
structure composed essentially of an aiahase arxi a Heusler phase. In the intermediate region exterxiing 6 cm between 
the low-aging temperature region and the hIgh-agIng temperature region, the crystal structure was gradually changing. 
[00%] The wire of Sample No. 1 was observed by an optical microscope in both tow-aging temperature portion arxi 
'hIgh-aging temperature portion. Fig. 3 is an optical pIxjtomicrograpFTshowirTg'lhe microstructure ol the low-agmg tem- 
perature portion of the functionally graded alloy of Sample No. 1 . As a result of electron dlifraction analysis, it was 
confirrTied that the crystal structure ol the low-aghg temperature portion was composed essentially of a ^-phase. Fig. 
4 Is an optical photomicrograph showing the mlcrostnxrture of hIgh-agIng temperature portion of the functionally graded 
alloy of Sample No. 1 . It was also oonfirmed by electron diffraction that the microstructure of the high^ging temperature 
portion was a dual-phase etnjcture of an o^hase and a Heusler phase. 

[0089] As a result of X-ray diffraction analysts of Sample No. 1, it was confirmed that the low-aging temperature 
portion was oomposed of 100 volume % of a ^-phase, with 0 volume % of an a-phase and a Heusler phase. It was 
also conflmned that the hIgh-agIng temperature portion was composed of 65 volume % of an orphase and 35 volume 
% of a Heusler phase, with a ^phase substantially 0 volume %. 

EXAMPLE 2 

[0090] Copper-based alloys having compositions shown In Table 1 as Sample Nos. 2 and 3 were formed into wires 
each having a diameter of 0.5 mm and rapidly cooled in the same manner as in Example 1. The resultant copper- 
based alby wires were then subjected to an aging treatment at 1 50"C, 200"C, 250*C, 300"C, 350*C and 400*C, 
respectively, each for 15 minutes. The hardness of the aged copper-based alloy wires was measured in the same 
manner as In Example 1 and plotted in Fig. 5. 

[0091] As Is clear Irom Fig. 5, the hardness of the copper-based alloys rapidly Increased when the aging temperature 
exceeded 250^C. However, the hardness of the copper-t)ased alloys remarkably decreased when the ag'ng temper- 
ature exceeded 350*C. 
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EXAMPLE 3 



W 



IS 



20 



2B 



30 



3S 



40 



45 



SO 



[0092] Copper-based alloys having compositions shown in Table 1 as Sample Nos. 5 and 6 were lormed into wires 
each having a diameter ol 0.5 mm and rapidly cooled In the same n^ner as in Example 1. The resultant copper- 
based alloy wires were subjected to an aging treatment at 300*^0 lor 5, 15, 60, 200, 700, 4500 and 10000 minutes, 
respectlvely. The hardness of the aged copper't>ased alloy wires was measured in the same nrianner as in Example 1 
and plotted In Fig. 6. 

[0093] As is clear from Fig. 6, in Sample No. 5 containing V and Sample No. 6 containing Ni, the highest hardness 
was obtained lor an aging time of 5-700 minutes. 

EXAMPLE 4 

[0094] A copper-based alby wire as shown in Fig. 7 was produced to provide a core wire 2 lor a guide wire. The 
core wire 2 had a total length of 1 200 mm, and its tip end 4 was not tapered. 

[0095] For this purpose, a copper-based alloy comprising 7.5 weight % o1 Al, 9.9 weight % ol Mn, 2.0 weight % of 
Ni, and 60.6 weight % of Cu was melted, solidified at a cooling speed of 140^C/min. on average, end then cold-drawn 
to provide a wire of 0.4 mm in diameter. Thereafter, the wire was heat-treated at dOO^C for 10 minutes and rapidly 
quenched by immersion in ice water. 

[0096] The resultant core wire 2 was cut to 1 200 mm. and subjected to an aging treatment at different temperatures 
in four regions from the base end 3 to the tip end 4 for 15 minutes; at 300°C in a region 2a of 600 mm, at 250^C in a 
region 2b of 300 mm, at 200**C in a region 2c of 200 mm, and at ISO'C in a region 2d of 100 mm, respectively. With 
this heat treatnnent, the rigidity ol the core wire 2 decreased from the base end 3 to the tip end 4. The hardness of each 
region was measured by a micro-Vickers hardness tester. The measuremerri results are shown in Table 4. 

Table 4 



Hardness distribution 


Region 


Hardness (1-iv) 


2a 


380 


2b-r- 


-r 290 


2c 


240 


2d 


235 



[0097] It has been found that the Cu-at least-Mn alloy composing the core wire 2 can t>e provided with different 
properties at as small intervals as a lew centimeters by heating conditions of the aging treatment. Thus, without tapering, 
a good balance of rigidity and softness can be achieved continuously along the core wire 2. Also, the core wire 2 is an 
Integral wire made of an alloy of the same composition, which Is excellent In torque conveyance. 

EXAMPLE 5 

[0096] Aguidewirell was produced l>y using a copper-based alloy wire as shown in Fig. lOasacore wire 12.The 
core wire 12 constituted by four regions 12a (500 mm). 12b (100 mm), 12c (50 mm) and 12d (50 mm) from the base 
end 13 to the tip end 14 was tapered from the region 12c to the tip end 14, such that the regiorts 12a, 12b had a 
diameter of 0.4 mm, and that the tip erKi 14 had a diameter of 0.1 mm. The core wire 12 was subjected to the same 
aging treatment as in EXAMPLE 4 under the follow'ng aging corKlitions: at 300^0 for the region I2a, at 250^C for the 
region 12b, at 200° C for the region 12c, and at 150°C for the region 12d. The aging tinne was 15 minutes. With this 
aging treatment, the rigidity ol the core wire 1 2 decreased trom the base end 1 3 to the tip end 1 4. 
[0099] The resultant core wire 12 was plated with gold, and coated with a polyamide elastomer layer 15 containing 
40 weight % of barium sulfate as an X-ray contrast medium. Further, to improve lubrication at the time of insertion into 
the bloodvessel, a surface of the coating layer 15 was covered by a lubricating layer 17 based on polyvinyl pyrrolidone. 

EXAMPLE 6 



ss 



[0100] A guide wire 21 as shown in Fig. 1 1 was produced. A core wire 22 constituted by four regions 22a (500 mm), 
22b {^Q0 mm), 22c (50 mm) and 22d (50 mm) from the base end 23 to the tip end 24 was tapered from the region 22c 
to the tip end 24^ such that the regions 22a. 22b had a diameter ol 0.4 mm, and that the tip end 24 had a diameter of 
0.1 mm. The core wire 22 was subjected to the same aging treatment as in EXAMPLE 4 urKtar the following aging 
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condftbns: at 300*»C for the region 22a, at 250*C for Ihe region 22b. at 20C>»C for the region 22c, aTid at 150*0 for the 
region 22d. The aging time was 15 minutes. With this aghg treatnnent, Ihe rigidity cl the core wire 22 decreased from 
the base end 23 to the tip end 24. 

[0101] The tapered portion of the resultant core wire 22 was covered by a coil 26. and the tip end 24 was provided 
5 wRh an expanded portion 27 by a plasma welding to avoid damaging of the blood vessel walls. The core wire 22 and 
the coil 26 were plated with gold. To improve lubrication at the time of Insertion into the blood vessel, a surface of the 
gold plating was covered by a lubricating layer (not shown) based on polyvinyl pyrrolidone. 

EXAMPLE 7 

10 

[0102] A core wire 32 of a guide wire 31 as shown in Fig. 12 was a braided wire constituted by three thin copper- 
based alloy wires. See Fig. 13, an A-B cross section of Fig. 12. The core wire 32 had rigidity stepwise decreasing along 
a region 32a (500 mm), a region 32b (100 mm) and a region 32c (50 mm) from the base end 33 to the tip end 34. The 
core wire 32 was tapered from the region 32c to the tip end 34, such ttiat a diameter was 0.4 am in the regions 32a, 
32b and 0.1 mm at ihe tip end 34. The tip end 34 was provided with an expanded portion 36 by a plasma welding to 
avoid loosing of the braided wires and lo improve the X-ray contrast of ihe tip end 34. 

[01 03] The core wire 32 was subjected to the same aging treatment as in EXAMPLE 4 except for the following aging 
conditions: at 300**C for die region 32a. at 250*0 lor the region 32b. arKi at 200*C lor the region 32c. The aging time 
was 15 minutes. With this aging treatment, tiie rigidity of the core wire 32 decreased from tiie base end 33 to the tip 
20 end 34. 

[0104] The resultant core wire 32 was coated witii a polyamlde elastomer layer 35 containing 40 weight % of barium 
sulfate as an X-ray contrast medium. Further, to improve lubrication at the time of insertion into the blood vessel, a 
surface of the coating layer 35 was covered by a lubricating layer (not shown) based on polymethyl vinyl ether-maleic 
anhydride derivative. 

2S 

EXAMPLES 

[01 05] A catiieter as shown in Figs. 1 4 and 1 5 was produced. Ttie catheter 41 was constituted by a superelastic C u- 
Al-Mn alloy ppe 42 having an outer diameter of 1 .5 mm and an inner diameter of 1 .4 mm. The pipe 42 had bending 

3P_ modulus decreasing stepwise from a body portiorL42a to a tip erKj poction 42c tiirough an intermediate portion 4^, 

and the tip end portion 42c became gradually softer toward the tip end 44. 

[0106] For this purpose, a copper-based alloy comprising 7.5 weight % of Al, 9.9 weight % of Mn, 2.0 weight % of 
Ni. and 80.6 weight % of Cu was melted, solidified at a cooling speed of 140°C/mln. on average, and then cold-rolled 
toprovide a pipe of 2 mm in-djanreterarxt O. I mm i n thickness. The r ea f ler, t he pipe was heat-troated at-SOO'C f ort5~ 

35 m&iules and rapidly quenched by immersion in ice water. 

[0107] The resultant pq3e 42 was subjected to an aging treatment at different temperatures in three regions lor 15 
minutes; at 300''C in a region 42a. at 250^0 in a region 42b, and a1 a temperature gradually decreasing from 200^C 
to 150* C In a region 42c. respectively. The pipe 42 was coaled with a polyamlde elastomer layer 46 containing 40 
weight % of barium sulfate as an X-ray contrast medium and then whh a polyvhyl pyrrol idona-based lubricating layer 

40 (not shown). 

[0108] The resultant catheter 41 was rigid in a bocly portion 42a and fully soft in a tip end portion 42g, nrvaking sure 
safe use for practical applk:ations. It is also possible to improve softness in the tip end portKvi 42c without tapering. 
Particularty in a microcatheter having a small diameter, its inner bore can be made relatively large, ensuring easy and 
safe injection of X-ray contrasting medium, etc. 

45 

EXAMPLE 9 

[0109] A catheter as shown in Figs. 16-18 was produced. The catheter 51 was constituted by a superelastic Cu-At* 
Mn-V alksy pipe 52 having an outer diameter of 1.5 mm and an inner diameter of 1.4 nnm. The pipe 52 had bending 
so modulus decreasing stepwise from a body portion 52a to a tip end portion 52c tiirough an Intermediate portion 52b, 
and the t^ end portbn 52c was tapered euch that it became gradually softer toward the tip erxi. 
[0110] For this purpose, a copper-based altoy comprising 7.6 weight % of Al, 9.9 weight % of Mn, 2.0 weight % of 
V, and 80.6 weight % of Cu was melted, solidifiad at a cooling speed of 140^C/min. on average, and then cold-rolled 
to provkie a pipe of 2 mm in diameter and 0. 1 mm in th ickness. Thereafter, the pipe was heat-treated at 900**C lor 1 0 
minutes and lapklly quenched by immerston In ice water. 

[0111] The resuHant pipe 52 was subjected to an aging treatment at different temperatures in three regk)ns for 15 
minutes; at 300"C in a regton 52a, at 250"C in a region 52b. and at 150"C in a region 52c. respectively. The pipe 62 
was tiisn coated with a polyamide elastomer layer 56 containing 40 weight % of barium sulfate as an X-ray contrast 
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medium. The pipe 52 was provided with a soft tip 54 at the lip end 1o prevent the blood vessel wal Is from being damaged 
at Ihe time of insertion. Uke in EXAMPLE 6, the pipe 52 was coated with a polyvinyl pyrrolidone-based lubricating layer 
(not shown) from the intermediate portion 52b to the tfp end to increase lubrication at the time of insertion into the blood 
vessel. 

s [0112] The resultant catheter 51 was rigid in a body portion 52a and lully soft in a tip end portion 52c, making sure 
safe use for practical applk^ations. Because this catheter 51 has properties changing from the body portion 52a to the 
tip end portbn 52c, arKi because the tip end portion 52c is tapered toward the tip end, it has wkie versatility In design 
with a rigid body portion and a soft tip end portion. 

to EXAf\<1PLE 10 

[0113] A catheter as shown in Fig. 19 was produced in the same manner as in EXAMPLE 9. The catheter 61 was 
the same as in EXAMPLE 9 except that a tip end portion 62 of Ihe catheter 61 was bent at about 120". This catheter 
61 coukl easily be inserted into the winding or branched blood vessels. 

IS 

EXAMPLE 11 

[0114] A PTCA catheter 71 equipped with a balloon as shown in Figs. 20-22 was produced from the same Cu-Ah 
Mn-NI alloy as in EXAfWIPLE 8 in the same nnanner as in EXAf^PLE 9. The catheter 71 was constituted by a Cu-Al- 
20 Mn*Ni alloy pipe 72 having a diameter of 2 mm and a thickness of 0. 1 mm. The pipe 72 had rigidity decreasing stepwise 
from a body portk>n 72a to a tip end portion 72c through an intemnediate portion 72b, and the tip end portton 72c was 
tapered to become gradually softer toward the tip end. 

[Oil 5] The resultant pipe 72 was plated with gold and covered by a polyamkie elastomer tube 73 in the tip end portkm 
72c. The elastomer tuba 73 had a through-hole 76 for allowing a balkxKi 75 to inflate, and a through-hole 77 extending 
2S from a halfway of the catheter 71 to the tip end portion for allowing a guide wire to pass through. Because the Cu-A^ 
Mn alloy pipe 72 extends almost up to a balk)on region ak>ng the catheter 71, the catheter 71 has full rigidity while 
showing excellent softness and kink resistartce, ensuring safe use. 

EXAMPLE 12 

30 

• ♦ 

[0116] A catheter as shown in Figs. 23 and 24 was produced. Hie catheter 101 wasconstitutedby atubebody 111, 
a hub 112 iT)ounted to a base erxi of the tube body 111, and a soft tip 113 mounted to a tip end of the tube body 111. 
The tube body 111 was constituted by an inner layer 114. an intermediate Cu-AI-Mn alloy braid layer 115, and an outer 

byen 16 as sfiown in Fig 24. The intBfmediata"Cii=AI=Mrrall oy b r a i d 11 5 -wasrc onst i tutBd by e ight 0.035-mm-thkikCiT- - 

35 Al-Mn altoy wires comprising 7.5 weight % of Al, 9.9 weight % of Mn, 2.0 weight % of Ni, and 80.6 weight % of Cu. The 
thin Cu-AI-Mn alk>y wires were produced in Ihe same manner as in EXAMPLE 9. The Cu-AI-Mn alby braid 115 was 
coextr uded with ny k)n 1 2 1o form the catheter 101 having the C u-AI-Mn altoy braid 115 embedded in the tube body 111. 

EXAMPLE 13 

40 

[Oil 7] A catheter as shown in Figs. 25 and 26 was produced. The catheter 1 02 was constituted by a tube bxxiy 1 21 , 
a hub 1 22 mounted to a base end of the tube body 121, arKi a soft tip 1 23 mounted to a tip end of the tube bo&/ 1 21 . 
The tube txx^ 121 was constituted by an inner layer 124, an intermediate Cu-AkMn alloy braid layer 125, and an outer 
layer 126 as shown in Fig. 26. The intemnediate Cu-AI-Mn-V alby braid 125 was constituted by 32 thin Cu-AI-Mn-V 
45 altoy wires having a thtokness of 0.02 mm comprising 8.0 weight % of Ai, 1 0.2 weight % of Mn, 1 .0 weight % of V. and 
80.8 weight % of Cu. The Cu-AI-Mn-V altoy brakJ 125 was subjected to an aging treatment at 300*^0 in a regton a, at 
250^^0 in a region 6 and at ISO^'C in a region c for 15 minutes, so that the regions a, b and chad rigidity decreasing 
in this order. The Cu-AI-Mn-V alby braid 115 was coextruded with a polyurethane resri in the same manner as in 
EXAMPLE 12 to form a catheter 102 having the Cu-AI-Mn-V alby braid 125 embedded in the tube body 121. 

so 

EXAMPLE 14 

[Oil 8] A catheter as shown in Figs. 27 and 28 was produced. The catheter 1 03 was constituted by a tube body 1 31 , 
a hub 132n^ntedtoabaseend ctfthe tube body 131, and a soft tip 133mountedtoa tip end of the tube body 131. 
55 The tube body 1 31 was constituted by an inner layer 1 34, an intermediate Cu-AI-Mi altoy braid layer 1 35, and an outer 
layer 1 36 as shown in Fig. 28. The inlemnediate Cu-AI-Mn-V altoy braid 1 35 was constituted by two spirally crossing 
Cu-Al-Mn-V altoy ribbons each having a thtokness of 0.01 mm comprising 8.0 weight % of AI, 10.2 weight % of Mn, 
1 .0 weight % of V, and 80.8 weight % of Cu. The Cu-AI-Mn-V altoy braid 1 35 was subjected to an aging treatment at 
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temperatures shown h Table 5 below for 15 minutes eo that regions cf, e, fand g had rigidity decreasing in this order. 
The hardness ot the braid 135 In each region was measured by a micro-Vlckers hardness tester. The measurement 
results are shown in Table 5. 



Tables 



Region 


Aghg Temperature ("C) 


Hardness (Hv) 


d 


300 


380 


e 


250 


290 


1 


200 


260 


9 


150 


270 



[0119] The Cu-AI-Mn-V alloy braid 1 35 was coextaided with nylon 12 in the same manner as In EXAMPLE 12 to 
lorm a catheter 103 having the Cu-A^Mn-V alloy braid 1 35 ennbedded in the tube body 1 31 . 

EXAMPLE 15 

[0120] A catheter as shown in Figs. 29 and 30 was produced. The catheter 1 04 was constituted by a tube t)ody 1 41 , 
a hub 142 nrKXJnted to a base end of the tube body 141 » and a soft tip 143 mounted to a tip end o1 the tube body 1 41 . 
The tube body 141 was constituted by an inner layer 144, four inlermedlate wires 1 45 made of the same Cu-AI*Mn-V 
alby as in EXAMPLE 1 3. and an outer layer 146. The Cu-AI-Mi-V alloy wires 1 45 were subjected to an aging treatment 
at 300*C in a region h, at 250^C in a region i and at 150^0 in a region / for 15 minutes, so that the regions /and j 
had rigidity decreasing stepwise In this order. Also, the catheter 104 was tapered from a halfway of the region /to the 
tip end to ensure softness. 

EXAMPLE 16 

[0121] A catheter as shown in Figs. 31 and 32 was produced In the same nnanner as in EXAMPLE ia The catheter 
105 was constituted by a tube body 151, a Y-shaped hub 152 mounted to a base end of the tut>e body 151, and a 
balloon 454mounted to a tip end-of^the tube body 151. The lube body 151 hada hoie-157 for inflating thaballoon 1 54, 
a thin Cu-AI-Mn alloy wire 155 and an outer layer 156. TheCunAI-Mn alloy wve 155 was subjected to an aging treatment 
at 300* C In a region k, at 250*C In a region / and at 150*C In a region m lor 15 minutes, so that the regions k, I and 
m had rigidity decreasing stepwise in this order. Also, the catheter 105 was tapered from a halfway of the region m to 
the tip end to ensure 6<^nes6. 

[0122] As described at)ove in detail, the functionally grad^ alloy of the present invention exhibits drastically changing 
properties such as shape recovery properties, superelasticity, hardness, nrtechanical strength, etc., without medianical 
working such as cutting or chemical treatment such as etching tor Imparting size gradient Such a functionally graded 
alloy can be easily produced at low cost from a copper-based alloy composed essentially of a p-phase, by an aging 
treatment in a heater having a continuous or stepwise temperature gradient. The functionally graded alloy of the present 
invention can be formed into various shapes because of its excellent cold workability. 

[0123] When the core wire, the guide wire or the catheter is constituted by a copper-tiased alloy having gradient 
propenies according io the present Invent bn. It Is provided with optimum rigidity and toughness In a body portbn and 
proper softness in a tip end portion without mechanical or chemical wortung. Such core wire, guide wire or catheter is 
exceOent in irtsertion operability arKi torque conveyance, arKi can be inserted arKi placed at a desired spot in the blood 
vessel without damaging walls thereof. 



Claims 

1. A functionally graded alloy having a composition comprising 3-10 weight % of Al, 5-20 weight % of Mn, the balance 
being substantially Cu and inevitable impurities, wherein said functionally graded alloy comprises a first portion 
composed essentially o1 a p*phase, a second portion composed essentially of an a-phase and a Heusler phase, 
arkd a third portion having a crystal structure changing continuously or stepwise from said first portion to said 
second portion. 

2. The fundionalty graded alloy according to claim 1 , further containing at least one metal selected from the group 
consisting of Ni, Co, Fe, Ti, V, Cr, Si, Nb, Mo. W, Sn, Ag, Mg, P, Zr, Zn, B and misch metals in a total amount cA 
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0.001-10 weigh1%. 

3. The fundionally graded alloy according to claim 1 or 2, wherein said furtctionally graded alloy is produced from a 
copper-based alloy having a crystal structure composed essentially of a fi-phase by an aghg treatment comprising 
heating said first portion at a temperature of lower than 250^C, said saoorKi portion at a temperature o1 250-350* C, 
and said third portion at a temperature continuously or stepwise changing Irom the heating temperature of said 
first portion to the heating temperature of said second portion. 

4. The tunctionally graded alloy according to any one of claims 1 -3, wherein said first portion has hardness of 350 
Hv or less, said second portion has hardness 20 Hv or mora higher than that of said first portion, and said third 
portion has hardness continuously or stepwise changing from that of said first portion to that of said second portion. 

5. The functtonalty graded alloy according to any one of claims 1 -A, wherein said first portion has a yield stress o1 
400 MPa or less, said second portion has a yield stress at least 50 IV/lPa higher than that of said first ponion, and 
said third portion has a yield stress continuously or stepwise changing from that of said first portion to that of said 
second portion. 

6. The functionally graded alloy according to any one of claims 1-5. wherein said first portion has a shape recovery 
ratio of 80% or more, said second portion has a sJ^pe recovery ratio of 15% or less, and said third porticn has an 
shape recovery ratio continuously or stepwise changing from that of said first portion to that of said second portion. 

7. A method for producing a lunctior^lly graded alloy comprising a first portion composed essentially of a P-phase, 
a second portion composed essentially of an a-phase and a lieusler phase, and a third portion having a crystal 
structure changing continuously or stepwise from said first portion to said secorxi portion, comprising the steps of: 

(a) forming a copper-based alloy having a composition comprising 3>10 weight % of Al, 5-20 weight % of Mn, 
the balance being substantially Cu and inevitable impurities, into a desired shape; 

(b) keeping said copper-based alloy at 500*C or higher and rapidly cooling rt to transform a crystal structure 
thereof substantially to a p-phase; and 

(c) subjecting said copper-based alloy to an ag ing treatment by a heater having a terr^erature.gradient, thereby 

heating said first portion to lower than 2SO*Q, said second portion to 25O*350°C, and said third portion at a 
temperature continuously or stepwise changing from the heating temperature of said first portion to the heating 
temperature of said second portion. 



8k The method according to claim 7, wherein said copper-based alloy further contains at least one metal selected 
from the group consisting of Nil, Co, Fe, Ti, V, Cr, Si, Nb, Mo, W, Sn, Ag, Mg, P, Zr, Zn, B and misch metals in a 
total amount o1 0.001 -10 weight %. 

9. The method according to claim 7 or 6, wherein said aging treatment is carried out for one minute or more. 

10. A core wire for a guide wire conr^rising a body portion having high rigidity and a tip end portion having a lower 
rigidity than that of said body portion, at least part of said core wire being made a copper-based alloy comprising 
3-10 weight % of Al, and 5-20 weight % of Mn, the balance Iseing substantially Cu and inevitable impurities. 

1 1 . The core wt re f or a gu Ide wire according to claim 1 0, wherein said copper-based alloy wire is f onmed by hot working 
and^or cold workhg, kept at a temperature of 500°C or higher and rapidly quenched, and then subjected to an 
aging treatment at a temperature of 200^0 or bwer, such ttiat it has shape recovery properties and supereiastk:ity. 

12. The core wire tor a gukto wire acooiding to claim 1 0 or 1 1 , wherein said ooppar-based alksy wire comprises a high- 
rigidity body portton, a low-rigidity tip end portion, and an Intermediate portton between sakJ high-r^idity body 
porlon and said k)w-rigidrty tip end portion having rigidity continuously or stepwise decreasing from said high- 
rigidity body portbn to said bw-rigldity tip end portion. 

13. The core wire lor a gukje wire according to any one of claims 10-12, wherein said copper-t)ased alby wire is formed 
by hot working and cold working, kept at a temperature of SOO^C or higher and then rapidly quenched, and further 
subjected to an aging treatment comprising heating sakJ high-rigidity body portion at a temperature of 250-350^0, 
said tip end portion at a temperature ol tower than 250*0, and an internr\ediate portk)n t^tween sakJ body portbn 
arxi saki tip end portbn at a temperature continuously or stepwise changing from the heating temperature of sad 
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body portion to thtf heating temperature o1 said tip end portion. 

14. A guide wire conprising the oore wire recited in any one of claims 10-1 3. 

15. The guide wire according to clainn 14, wherein said core wire is coated with Au. Pt, Ti, Pd or TiN and/or a resin. 

16. A catheter at least paniaiiy constituted by a metal pipe, said metal pipe k>eing, at least in a tip end portion, made 
of a copper-based alloy comprising 3-10 weight % of Al, and 5-20 weight % of Mn, the balance being substantially 
Cu and Inevitable impurities. 

17. The catheter according to claim 16, wherein said metal pipe has t>ending nrKXlulus decreasing continuously or 
stepwise in a direction from the base end to the tip end of said catheter. 

ia The catheter according to claim 16 or 17, wherein said metal pipe is formed by hot working and/or cold working, 
kept at a temperature of SQO'^C or higher arxi rapidly quenched, and then subjected to an aging treatment at such 
a temperature distributnn that decreases continuously or stepwise in a direction Irom the base end to the tip end 
of said catheter, the highest temperature being 250-350°C, and the bwest tennperaturs t>eing lower than 250^C 
in said temperature distributk>n. 

19. The catheter according to any one of claims 1 6-18, wherein said metal pipe has an outer diameter at least partially 
decreasing continuously or stepwise In a direction from the ksase end to the tip end of sakJ catheter. 

20. The catheter according to claim 16. wherein said metal pipe is coated with Au; PI, Ti. Pd or TiN, andfor a resin. 

21 . A catheter containing a reinforcing metal memt>er in at least part of a catheter tube, said reinforcing metal member 
being nnade of a copper-based alloy comprising 3-10 weight % of Al, and 5-20 weight % of Mn, the bailee being 
substantially Cu and inevitable impurities. 

22. The catheter according to claim 21 , wherein said rehforcing metal member has bending modulus decreasing 
.... continuously or stepwise.in a directlon.f ronruhe base end to-the tip end of saki catheter. 

23. The catheter according to clarn 21 or 22, wherein eakJ reinforcing metal member is formed by hot working andA>r 
cold working, kept at a temperature of SOO^C or higher and rapMly quenched, and then subjected to an aging 
treatment at such a tempeiatore-di st ri butkin tfiat dec r eases continuo usly or stepwise in a direction fromihe base 
end to the tip end of saki catheter, the highest temperature being 250-350*0, and the towest temperature being 
lower than 250**C in sakJ temperature distribution. 

24. The catheter according to any one o1 claims 21-23, wherein said reinforcing metal member is at least one thin 
copper-based alloy wire extending skang said catheter. 

25. The catheter according to any one of claims 21 -24, wherein said reinforcing metal member is a braid o1 thin copper- 
based alby wires. 

26. The catheter according to any one of claims 21 -25, wherein sakJ reinforcing metal member is a coi 1 of a thin copper- 
based alk>y wire. 
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Fig. 5 
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